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Introduction:  Harvesting  the  semitendinosus  (ST)  and  gracilis  (GR)  tendons  at  the  anteromedial  side  of
the  knee  may  be hampered  by  a conjoint  tendon  insertion  on  the  tibial  metaphysis  and  an  accessory
bundle  between  the  ST and  the  medial  gastrocnemius.  Locating  and sparing  the  terminal  branches  of
the  saphenous  nerve  are  difﬁcult  on  an  anteromedial  approach.  The  principal  objective  of  the  present
anatomic  study  was to  assess  the feasibility  of  ST  and  GR harvesting  from  a minimally  invasive  posterior
approach  in the  popliteal  fossa.  The  secondary  objective  was  to analyze  the  risk  of saphenous  nerve
branch  lesion  during  harvesting.
Method:  Ten  cadaver  knees,  free  of  scarring,  were  used.  The  whole  body  was  positioned  supine.  The
tendons  were  located  in the  popliteal  fossa  with  the knee  in  30◦ ﬂexion.  A  mini-incision  was  performed
in  the fossa.  The  ST and  GR tendons  were located,  and  retrograde  followed  by  anterograde  stripping  was
performed.  Tendon  lengths  and diameters  were  measured.  The  knees  were  then  dissected  to  check  for
saphenous  nerve  branch  lesions  (anterior,  infrapatellar  and  posterior  branches).
Results: The  GR  and ST tendons  were  respectively  located  at 14.4  and  24  mm  from  the  medial  edge of the
knee.  In  90%  of cases,  there  was an  accessory  ST bundle  toward  the  medial  gastrocnemius  muscle,  26  mm
below  the  posterior  edge.  Tendons  could  be harvested  without  deviation  of the  stripper.  Knee  dissection
did  not  ﬁnd  any  saphenous  nerve  branches,  these  being  protected  by  the sartorius  fascia.
Discussion:  Posterior  ST and  GR tendon  harvesting  in  the  popliteal  fossa  is reliable  and  reproducible.  It
allows  easy  sectioning  of the accessory  ST  bundle,  without  deviation  during  retrograde  stripping.  Unlike
anterior  harvesting,  which  leads  to a rate of saphenous  branch  lesion  of  50–78%,  posterior  harvesting
protects  the nerve  branches  by keeping  away  from  the sartorius.
Level  of evidence:  Level  4.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Anterior cruciate ligament reconstruction by semitendinosus
ST) and gracilis (GR) tendon autograft is, along with the
one/patellar-tendon/bone technique, the most frequent attitude
n chronic anterior knee laxity. Hamstring harvesting usually
nvolves a paramedian medial anterior incision and dissection of
he distal ST and GR insertions. Such anterior harvesting incurs 3
roblems:the GR and ST tendons have a conjoint insertion at the pes anser-
inus;
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.• there is often an accessory ST bundle toward the medial gas-
trocnemius muscle, which has to be sectioned to avoid stripper
deviation;
• there is a risk of saphenous nerve branch lesion during the surgi-
cal approach and retrograde stripping [1].
Posterior harvesting in the popliteal fossa has been described,
to get round the problems and comorbidity associated with an
anterior approach. Prodromos et al. [2] recommended a primary
posterior approach to guide harvesting via a reduced anterior
approach, avoiding risk of premature sectioning due to adherence.
Hara et al. [3] recommended harvesting via a transverse approach
in the posteromedial angle of the knee, completed by an ante-
rior counter-approach for distal insertion sectioning at the pes
anserinus. Kodkani et al. [4] reported ST and GR harvesting on a
single posterior popliteal approach without anterior approach, and
1 atology: Surgery & Research 101 (2015) 167–172
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n 2004 Franz [5] reported a retrospective series of 500 patients
reated by autograft harvested from the popliteal fossa.
The principal objective of the present anatomic cadaver study
as to analyze reproducibility of tendon harvesting on a single min-
mally invasive posterior approach. The secondary objective was  to
escribe the saphenous nerve and its branches with respect to the
inimally invasive popliteal approach and the stripper trajectory,
o determine whether harvesting is liable to induce lesions.
. Material and method
The present descriptive anatomic study was performed in the
natomy laboratory of the Rouen Medical School. Ten knees free of
revious surgery (5 subjects, whole body, fresh) were used, with
anges of motion allowing complete extension and at least 120◦
exion.
The ST and GR tendons were located in the popliteal fossa (Fig. 1)
ith the lower limb in external hip rotation and 30◦ knee ﬂexion.
 25-mm transverse incision centered on the tendons was made in
he ﬂexion fold; it could be extended according to the difﬁculty of
endon location. Subcutaneous tissue was dissected by ﬁnger. The
rural fascia covering the two tendons was opened using Metzen-
aum’s scissors.
The larger and more medial tendon was the ST (Fig. 2). Once
ocated, it was placed on a traction suture; traction under 90◦ knee
exion externalized 5–6 cm of tendon, allowing distal exploration
or ST and GR expansions to the medial aponeurosis of the thigh
Fig. 3) and for the accessory ST bundle toward the aponeurosis
f the medial head of the gastrocnemius muscle. The GR tendon,
ocated further in and more superﬁcially, was externalized on trac-
ion suture in the same way (Fig. 4).
The distances of the ST and of the GR from the medial edge of
he knee and between the ST and GR were measured (Fig. 5), the
edial edge of the knee being located as the most posterior and
edial point of the medial femoral condyle.
The ﬁrst step consisted in retrograde harvesting of each ten-
on, using an open stripper (Biomet Inc., Warsaw, Indiana, USA).
he stripper stopped in contact with the muscle body, about 20 cm
rom the approach (Fig. 6). The second step consisted in antero-
rade stripping up to contact with the medial tibial facet, stopping
hort of tibial detachment.A wide approach was then performed, from the distal part of the
nterior tibial tuberosity up to the mid-third of the thigh. The skin
over was lifted subdermally, sparing the terminal branches of the
Fig. 1. Approach location. Medial view of knee (left knee).Fig. 2. Location of semitendinosus. Medial view of knee (right knee).
saphenous nerve, which were dissected. The saphenous nerve runs
into the adductor canal, where it crosses to the inner side of the
artery. Leaving the canal, it follows the inferior geniculate artery
behind the sartorius muscle then divides into an anterior and a
posterior terminal branch. The anterior branch runs superﬁcially
and subdivides into infrapatellar ramiﬁcations distributed over the
superﬁcial skin cover of the medial side of the knee. The posterior
branch descends vertically to the medial side of the knee under the
sartorius, then emerges between the gracilis and the distal sartorius
insertion tendon, perforating its aponeurosis and to run subcuta-
neously along the great saphenous vein over the medial edge of
the tibia. The terminal branches are distributed over the skin cover
of the medial side of the lower leg and ankle [6–9]. The shortest
distance between the posterior branch and the GR was measured
(Fig. 7). Dissection explored for:• lesion to the sartorius muscle and fascia, which constitute an
interposition plane between the subcutaneous saphenous nerve
terminal ﬁbers and the path of the stripper during harvesting;
Fig. 3. Exposure of semitendinosus adherences. Medial view of knee.
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Fig. 4. Externalization of semitendinosus and gracilis. Medial view of knee (left
knee).
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Fig. 6. Retrograde stripping. Medial view of knee (right knee).ig. 5. Tendon visualization, enabling measurement of distance from medial edge
f  knee (left knee).
lesion to the infrapatellar branches (Fig. 8) or posterior branch of
the saphenous nerve.
The GR and ST tendons were sectioned by cold scalpel at the pes
nserinus adjacent to the stopping point of anterograde stripping
Fig. 9). The length and diameter of both were measured (Fig. 10),
lus the distance between the ST tibial insertion and the origin of
he accessory bundle (if any).
. ResultsThe GR tendon crossed the knee ﬂexion fold in the popliteal fossa
t a mean 14.4 mm from the medial edge of the knee, and the ST
endon at a mean 24 mm (Table 1).In the popliteal fossa, the tendons were a mean 12.8 mm apart,
allowing easy ﬁnger palpation and dissection. A skin incision of less
than 30 mm  (range: 24–35 mm,  SD: 3.5 mm)  was always sufﬁcient
to locate and identify both tendons.
There was an accessory ST tendon in 9 out of 10 cases. In 2 cases,
it was  visible in the posterior approach and in 2 cases could be exter-
nalized by putting the knee in ﬂexion. Its mean distance from the
ST was 26.7 mm below the posterior approach and 76.1 mm from
the tibial ST insertion (Table 2). It could in all cases be sectioned via
the minimally invasive posterior approach, allowing anterograde
ST harvesting without deviation.
In 3 of the 10 cases, other expansions were found. They were
thin, located less than 3 cm from the tibial insertion of the con-
joint tendon. Two came from the GR, running down and inward
to the medial tibial periosteum. Another, with double ST-GR ori-
gin, had an oblique course, below the conjoint tendon, downward
and inward to the medial gastrocnemius fascia. Tendons harvested
from the popliteal fossa were systematically identiﬁed correctly.
Harvesting by open stripper was straightforward, adherences being
identiﬁed and sectioned in advance. There were no premature sec-
tions (Table 3). Transplants had a mean length of 267 mm (range:
235–400 mm)  for the ST and 242.2 mm (range: 205–275 mm)
for the GR, with respective mean diameters of 4.95 mm (range:
3.5–7 mm)  and 3.4 mm  (range: 2.5–5 mm).
Dissection of the medial side of the knee enabled anatomic
description of the saphenous nerve and its anterior and posterior
terminal branches. The anterior branch was distributed toward
the infrapatellar subcutaneous tissue in terminal branches lying
superﬁcially over the sartorius fascia. Terminal branch organiza-
tion varied from individual to individual. There were 3 or 4 principal
branches on the anteromedial side of the knee (Table 4). The pos-
terior branch ran under the sartorius then crossed the gracilis at a
mean 12.6 mm (range: 7–21 mm)  from the GR tendon, and per-
forated the sartorius aponeurosis, becoming superﬁcial. It then
divided in 1 to 3 main ramiﬁcations, distributed over the medial
side of the lower leg and ankle. There were no lesions of the terminal
branches of the infrapatellar ramiﬁcations of the anterior branch,
protected from the stripper by the distal sartorius insertion ten-
don and fascia, which stripping systematically spared. There were
no macroscopic lesions of the posterior branch of the saphenous
nerve where it crossed the gracilis, and no internal saphenous vein
lesions.
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Fig. 7. Measurement of distance between gracilis tendon harvesting path and posterior branch of saphenous nerve. Medial view of knee. 1: posterior branch of saphenous
nerve; 2: sartorius muscle (right knee).
Fig. 8. Subcutaneous saphenous nerve branches protected from stripping by the sartorius muscle and fascia. Medial view of knee (right knee).
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tFig. 9. Gracilis then semitendinosus sectioning aft
. DiscussionThe present anatomic study presents an original technique
or harvesting the semitendinosus and gracilis tendons in
he popliteal fossa. Posterior harvesting was used in severaltorius sectioning. Medial view of knee (left knee).
previous reports, always with a reduced anterior counter-approach
[2,10,11].
Stripper deviation is a frequent cause of complications in
harvesting and occurs due to force exerted on adherences between
the tendon and the deep plane of the medial aponeurosis of the
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Table  1
Distribution of gracilis (GR) and semitendinosus tendons (ST) in popliteal fossa.
Mean
Cadaver 1 1 2 2 3 3 4 4 5 5
Side  Left Right Left Right Left Right Left Right Left Right
Distance ST/medial edge 20 25 22 24 28 27 36 16 24 18 24
Distance GR/medial edge 10 15 29 17 16 12 14 8 12 11 14.4
Distance ST/GR 8 10 12 12 8 17 22 12 14 13 12.8
Incision length 25 35 25 24 25 30 27 24 26 24 26.5
Measurements in mm.
Table 2
Tendon exposure and description of adherences.
Cadaver Side ST accessory
present
ST accessory visible via
posterior approach
ST externalizable Distance ST
accessory/posterior
incision
Distance ST/anterior
insertion
Other adherences
1 Left No No No 60 60 Yes
1  Right Yes No Yes 10 65 Yes
2  Left Yes Yes Yes 10 95 No
2  Right Yes Yes No 20 85 No
3  Left Yes No but palpable No 25 80 No
3  Right Yes No but palpable No 43 59 Yes
4  Left Yes No but palpable No 35 70 No
4  Right Yes. Thin No but palpable No 24 95 No
5  Left Yes No No 22 82 No
S
t
t
m
b
i
f
o
T
C
S
T
A5  Right Yes No No 
Mean 90% 20% 20% 
T: semitendinosus; GR: gracilis; measurements in mm.
high [12]. The most important and largest adherence is between
he ST tendon and the fascia of the medial head of the gastrocne-
ius. It was found in 95.6% of cases by Tuncay et al. [13], 100%
y Candal-Couto and Deehan [14] and Reina et al. [15], and 90%
n the present series. It is a posterior structure, usually 8–10 cm
rom the proximal insertion [13], but further than 10 cm in 8
ut of 10 cases in Candal-Couto’s and Deehan’s series [14]. This
able 3
haracteristics of harvested tendons.
Cadaver Side ST accessory
present
ST accessory visible via
posterior approach
ST externalizab
1 Left No No No 
1  Right Yes No Yes 
2  Left Yes Yes Yes 
2  Right Yes Yes No 
3  Left Yes No but palpable No 
3  Right Yes No but palpable No 
4  Left Yes No but palpable No 
4  Right Yes. Thin No but palpable No 
5  Left Yes No No 
5  Right Yes No No 
Mean 90% 20% 20% 
T: semitendinosus; GR: gracilis; measurements in mm.
able 4
nalysis of saphenous nerve and terminal branches.
Cadaver Side Distance
gracilis/posterior
branch
Number of infrapatellar
ramiﬁcations
Num
bra
1 Left 12 3 1 
1  Right 8 4 2 
2  Left 8 4 3 
2  Right 18 Non-dissectible 2 
3  Left 15 4 2 
3  Right 21 3 1 
4  Left 8 4 2 
4  Right 17 4 1 
5  Left 12 Non-dissectible Non
5  Right 7 3 2 
Mean  12.618 70 No
26.7 76.1 30%
accessory bundle is of variable location and size [12,16–19], but
is systematically closer to the popliteal fossa (26.7 mm)  than to
the anterior insertion (76.1 mm),  as seen in the present series. It is
thus more easily released by a minimally invasive popliteal fossa
approach than by anterior incision. The harvested tendons were of
satisfactory length, despite a loss of about 2 cm at the distal tibial
insertion: ST and GR lengths were respectively 267 and 242.2 mm,
le Distance ST
accessory/posterior
incision
Distance ST/anterior
insertion
Other adherences
60 60 Yes
10 65 Yes
10 95 No
20 85 No
25 80 No
43 59 Yes
35 70 No
24 95 No
22 82 No
18 70 No
26.7 76.1 30%
ber of posterior
nch divisions
Sartorius
lesion
Posterior
branch lesion
Infrapatellar
branch lesion
No No No
No No No
No No No
No No No
No No No
No No No
No No No
No No No
-dissectible No No No
No No
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[Fig. 10. Measurement of harvested tendon length.
omparable to or longer than reports in the literature [13,20]. The
osterior incision in the ﬂexion fold of the popliteal fossa is usually
0 to 30 mm long [2,4,5,11]; the mean length in the present study
as 26.5 mm,  which could be reduced in case of good tendon
alpation. The mean distance between the tendons was  12.8 mm,
llowing incision centered between the two.
Anterograde GR and ST harvesting is associated with iatrogenic
aphenous nerve lesions. Mochizuki et al. [21] reported a 58% rate of
ostoperative hypoesthesia in a series of 103 patients, and Sanders
t al. [1] 74%. Lesions may  be to the infrapatellar branches or the
osterior branch. They are usually chronic: Sanders et al. [1] found
nly 20% improvement at 6 months; for Spicer et al. [22], 50% of
atients showed sensory deﬁcit at 2 years’ follow-up. The present
tudy found 3 or 4 infrapatellar branches, with variable distribution,
nd 1 to 3 divisions of the posterior branch, with the most superior
amiﬁcations sometimes crossing the skin incision.
In hamstring tendon harvesting, the incision is more medial
nd also closer to the main nerve branches. Mochizuki et al. [21]
emonstrated that there is no safe zone in anterograde harvest-
ng, as the skin incision crosses at least one of the infrapatellar
ranches. They recommended a less iatrogenic oblique incision, as
id Papastergiou et al. [23] in a retrospective study of 226 patients
eporting a 39.7% rate of postoperative deﬁcit with vertical inci-
ions, compared to 15.9% for horizontal incisions; the harvesting
athway was behind the sartorius muscle and fascia, which con-
tituted an anatomic barrier protecting the nerve branches (Fig. 8).
ith the present technique, there were no macroscopic lesions of
he infrapatellar branches.
Posterior branch lesions are rarer and harder to identify as they
o not usually induce clinical hypoesthesia. The posterior branch
ay  be damaged by the stripper during GR harvesting at the point
here the branch crosses the tendon to run superﬁcially and perfo-
ate the sartorius aponeurosis. Sanders et al. [1] demonstrated that
he saphenous nerve is in close relation with the GR tendon for a
ean 4.7 cm between 7.2 and 11.8 cm behind its distal insertion; in
64 patients, posterior branch lesions were found in 55% of cases.
unaway et al. [6] reported a mean distance of 9.4 mm  between
he nerve branch and the GR. In the present study, the distance was
2.6 mm (range: 7–21 mm),  sufﬁcient for stripping.
To minimize risk, several authors recommend harvesting with
he knee in ﬂexion and the hip in external rotation, so as to relax
he saphenous nerve as it crosses the gracilis [18,20,24,25]. Sanders
t al. [1] also raised the possibility of iatrogenic lesions associated
ith adherence release, particularly with the accessory ST bun-
le, and recommended posterior harvesting to reduce this risk. The
inimally invasive posterior approach has the advantage of visi-
ility during adherence release, without risk of neural lesion and
llowing easier harvesting, reducing posterior saphenous branch
tress. Franz [5], in a series of 500 patients undergoing posterior
arvesting, reported no postoperative sensory deﬁcits.. Conclusion
The present study conﬁrmed the feasibility of GR and ST ten-
on harvesting via a minimally invasive posterior approach in
[
[y: Surgery & Research 101 (2015) 167–172
the popliteal fossa. Harvesting is simple to perform, and the
approach allows visual or digital control of ST adherence sectioning,
reducing the risk of stripper deviation. The minimally inva-
sive popliteal approach, unlike the anteromedial tibial approach,
spares the vertical and infrapatellar branches of the saphenous
nerve.
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